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,QWURGXFWLRQ
6OXGJH LV RIILFLDOO\ FODVVLILHG DV ZDVWH EXW LQ DFFRUGDQFH ZLWK WKH KLHUDUFK\ RI ZDVWH PDQDJHPHQW SROLF\ LV
DFFHSWHGXVLQJWKHPEHQHILFLDOO\ZKHQHYHUIHDVLEOHHLWKHUDVRUJDQLFIHUWLOL]HULVUHFRYHUHGDVDQHQHUJ\VRXUFHE\
FRPEXVWLRQ RU DQDHURELF GLJHVWLRQ 7KHUH DUH D QXPEHU RI (& GLUHFWLYHV DQG UHJXODWLRQVZLWK GLUHFW RU LQGLUHFW
LPSOLFDWLRQVRQWKHPDQDJHPHQWRIVOXGJHZKLFKKDYHEHHQWUDQVSRVHGLQWR5RPDQLDQOHJLVODWLRQ
7KHXVHRIVOXGJHLQDJULFXOWXUHLVUHJDUGHGDVRQHRIWKHPRVWVXVWDLQDEOHVOXGJHPDQDJHPHQWRSWLRQV&RXQFLO
'LUHFWLYH ((& RI  'HFHPEHU  VWDQGDUGL]LQJ DQG UDWLRQDOL]LQJ UHSRUWV RQ WKH LPSOHPHQWDWLRQ RI
FHUWDLQ 'LUHFWLYHV UHODWLQJ WR WKH HQYLURQPHQW DQG &RXQFLO 'LUHFWLYH &((  RQ WKH SURWHFWLRQ RI WKH
HQYLURQPHQWDQGLQSDUWLFXODURIWKHVRLOZKHQVHZDJHVOXGJHLVXVHGLQDJULFXOWXUH
5HODWHG 5RPDQLDQ UHJXODWLRQV  LV 02  LW VHWV UXOHV RQ KRZ IDUPHUV FDQ XVH VHZDJH VOXGJH DV D
IHUWLOL]HU WR SUHYHQW LW KDUPLQJ WKH HQYLURQPHQW DQG KXPDQ KHDOWK E\ FRPSURPLVLQJ WKH TXDOLW\ RI WKH VRLO RU
VXUIDFHDQGJURXQGZDWHU$OVR WKLV UHJXODWLRQVHWV OLPLWVRQ WKHFRQFHQWUDWLRQVDOORZHGLQVRLORIKHDY\PHWDOV
WKDWPD\EHWR[LFIRUSODQWVDQGKXPDQV&DGPLXP&RSSHU1LFNHO/HDG=LQF0HUFXU\DQG&KURPLXP
7KHUHIRUH SUHIHUUHG PHWKRG IRU XWLOL]DWLRQ RI VOXGJH LQ DJULFXOWXUH ILHOG PHDQV LWV WUHDWPHQW E\ DQDHURELF
GLJHVWLRQ7KLVSURFHVVQRWRQO\VWDELOL]HV WKHZDVWHUHGXFLQJRGRXUDQGSDWKRJHQLFHOHPHQWVEXWSURGXFHVELRJDV
ZKLFK FDQ EH XVHG DV D VRXUFH RI KHDW DQG HQHUJ\ WR WKH WUHDWPHQW SODQW DQG WKH FDUERQ IRRWSULQW RI WKH VWDWLRQ
(QIRUFHPHQW RI WKH TXDOLW\ VWDQGDUGV IRU LQGXVWULDO ZDVWHZDWHU DQG GLVFKDUJHG LQWR WKH VHZHU LV FUXFLDO WR
HVWDEOLVKLQJ WKHZD\RI WUHDWPHQWDQGVXEVHTXHQWXVHRIVHZDJHVOXGJHVRPHHOHPHQWV KHDY\PHWDOFRQWHQW WKH
FRQWHQWRIQLWURJHQFRPSRXQGVRUVXOSKXUEHLQJUHPDQHQWDIWHUWUHDWPHQW
3ULRUWRWKHDSSOLFDWLRQRIVOXGJHDJULFXOWXUDOODQGPXVWEHSHGRORJ\FDOHYDOXDWHG7KXVWKH1DWLRQDO6WUDWHJ\IRU
VOXGJH PDQDJHPHQW SXEOLVKHG LQ  PD[LPXP DWWHQWLRQ ZDV SDLG WR VOXGJH XVH LQ DJULFXOWXUH DV WKH PRVW
SODXVLEOHRSWLRQLQWHUPVRIWHFKQLFDOORJLVWLFDOLQVWLWXWLRQDO
%\FRPSDULVRQRWKHURSWLRQVDVWKHUPDOWUHDWPHQWFRLQFLQHUDWLRQLQFHPHQWIDFWRU\DQGGLVSRVDOLQODQGILOOV
IURPWKHSHUVSHFWLYHRIDZDVWHZDWHUWUHDWPHQWSODQWRSHUDWRUDUHPXFKVLPSOHUE\WUDQVIHUULQJUHVSRQVLELOLW\WRD
WKLUGSDUW\WKHGLVSRVDORIZDVWH(XURSHDQ'LUHFWLYHVSURJUHVVLYHUHVWULFWDVDODVWRSWLRQWKHHOLPLQDWLRQRIVOXGJH
WR ODQGILOOV 5RPDQLDQ /DZ  LPSOHPHQWLQJ 'LUHFWLYH   (& RQ WKH ODQGILOO RI ZDVWH VHWV 
GHDGOLQH WR DFKLHYH WKH REMHFWLYH RI ZDVWH UHF\FOLQJ DW  DQG WR LQFUHDVH WKH FRVWV IRU WKH GXPSLQJ
7FKREDQRJORXVHWDO
0DWHULDOVDQGPHWKRGV
7RGHVLJQVROLGVSURFHVVLQJWUHDWPHQWDQGGLVSRVDOIDFLOLWLHVSURSHUO\WKHVRXUFHVFKDUDFWHULVWLFVDQGTXDQWLWLHV
RIWKHVROLGVWREHKDQGOHGPXVWEHNQRZQ7KHVRXUFHVRIVROLGVLQDWUHDWPHQWSODQWYDU\DFFRUGLQJWRWKHW\SHRI
SODQWDQGLWVPHWKRGRIRSHUDWLRQ)RUH[DPSOHLQDFRPSOHWHPL[DFWLYDWHGVOXGJHSURFHVVLIWKHZDVWLQJRIVROLGV
LVDFFRPSOLVKHGIURPWKHPL[HGOLTXRUOLQHRUDHUDWLRQFKDPEHUWKHDFWLYDWHGVOXGJHVHWWOLQJWDQNLVQRWDVRXUFHRI
VROLGV2QWKHRWKHUKDQG LIZDVWLQJLVDFFRPSOLVKHGIURPWKHDFWLYDWHG±VOXGJHUHWXUQOLQH WKHDFWLYDWHGVOXGJH
VHWWOLQJ WDQN FRQVWLWXWHV D VROLGV VRXUFH3URFHVVHVXVHG IRU WKLFNHQLQJGLJHVWLQJ FRQGLWLRQLQJ DQGGHZDWHULQJRI
VROLGVSURGXFHGIURPSULPDU\DQGVHFRQGDU\VHWWOLQJWDQNVDOVRFRQVWLWXWHVRXUFHV
7RWUHDWDQGGLVSRVHRIWKHVROLGVSURGXFHGIURPZDVWHZDWHUWUHDWPHQWSODQWVLQWKHPRVWHIIHFWLYHPDQQHULWLV
LPSRUWDQWWRNQRZWKHFKDUDFWHULVWLFVRIWKHVROLGVWKDWZLOOEHSURFHVVHG7KHFKDUDFWHULVWLFVYDU\GHSHQGLQJRIWKH
RULJLQ RI VROLGV WKH DPRXQW RI DJLQJ WKDW KDV WDNHQ SODFH DQG WKH W\SH RI SURFHVVLQJ WR ZKLFK WKH\ KDYH EHHQ
VXEMHFWHG
$OPRVW DOO ZDVWH ZDWHU WUHDWPHQW WHFKQLTXHV KDYH RQH WKLQJ LQ FRPPRQ WKH SURGXFLQJ RI VROLGV GXULQJ WKH
SURFHVVZKLFKHQDEOH WKHSROOXWDQW WREHVHSDUDWHGIURPWKHDTXHRXVPHGLXPVXFKDVH[FHVVDFWLYDWHGVOXGJHRU
ILOWHUHGRUVHWWOHGUHVLGXHIURPILOWUDWLRQRUVHGLPHQWDWLRQRSHUDWLRQV,IVOXGJHLVQRWUHF\FOHGLWQHHGWREHGLVSRVHG
RI LH H[WHUQDO WUHDWPHQW DQG GLVSRVDO RU WUHDWHG RQ WKH VLWH 6OXGJH WUHDWPHQW WHFKQLTXHV DUH WKLFNHQLQJ
GHZDWHULQJ VWDELOL]DWLRQ FRQGLWLRQLQJ WKHUPDO VOXGJH UHGXFWLRQ :H ZLOO IRFXV RQ WKUHH PHWKRGV RI VOXGJH
WUHDWPHQWWKDWDUHLQFRQQHFWLRQZLWKWKH(XURSHDQWHQGHQF\FRQFHUQLQJELRVROLGVGLVSRVDOVHWWOHPHQWFRPSRVWLQJ
DQDHURELFIHUPHQWDWLRQWKHUPDOVOXGJHUHGXFWLRQ

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2.1. Composting 
,QFUHDVLQJO\ VWULQJHQW DLU SROOXWLRQ UHJXODWLRQV DQG ELRVROLGV GLVSRVDO UHTXLUHPHQWV FRXSOHG ZLWK DQWLFLSDWHG
VKRUWDJHRIDYDLODEOH ODQGILOOVKDYHDFFHOHUDWLQJWKHGHYHORSPHQWRIFRPSRVWLQJDVDYLDEOHVOXGJH±PDQDJHPHQW
RSWLRQ &RPSRVWLQJ LV D FRVW HIIHFWLYH DQG HQYLURQPHQWDOO\ VRXQG DOWHUQDWH IRU WKH VWDELOL]DWLRQ RI ZDVWHZDWHU
ELRVROLGV &RPSRVWLQJ LV D SURFHVV LQZKLFK RUJDQLFPDWHULDOV XQGHUJRHV ELRORJLFDO GHJUDGDWLRQ WR D VWDELOH HQG
SURGXFW6OXGJHWKDWKDVEHHQFRPSRVWHGSURSHUO\LVDQXLVDQFHIUHHKXPXVOLNHPDWHULDO$SSUR[LPDWHO\
RIWKHYRODWLOHVROLGVDUHFRQYHUWHGWRFDUERQGLR[LGHDQGZDWHU$VWKHRUJDQLFPDWHULDOLQWKHVOXGJHGHFRPSRVHV
WKH FRPSRVW KHDWV WR WHPSHUDWXUH LQ WKH SDVWHXUL]DWLRQ UDQJH RI   & DQG HQWHULF SDWKRJHQLF RUJDQLVP DUH
GHVWUR\HG7KHPLFURRUJDQLVPVLQYROYHGIDOOLQWRWKUHHPDMRUFDWHJRULHVEDFWHULDDFWLQRP\FHWHVDQGIXQJL'XULQJ
WKH FRPSRVWLQJ SURFHVV WKUHH VHSDUDWH VWDJHV RI DFWLYLW\ DQG DVVRFLDWH WHPSHUDWXUH DUH REVHUYHG PHVRSKLOLF
WKHUPRSKLOLFDQGFRROLQJ'XULQJWKHFRROLQJSHULRGIXUWKHUHYDSRUDWLYHUHOHDVHRIZDWHUIURPFRPSRVWHGPDWHULDO
ZLOORFFXUDVZHOODVVWDELOL]DWLRQRIS+DQGFRPSOHWLRQRIKXPLFDFLGIRUPDWLRQILJ

)LJ3KDVHVGXULQJFRPSRVWLQJDVUHODWHGWRFDUERQGLR[LGHUHVSLUDWLRQDQGWHPSHUDWXUH(SVWHLQ
7KHUHDUHWZRW\SHVRIFRPSRVWLQJEXLOGLQJV\VWHPVDHUDWHGVWDWLFSLOHVILJDQGLQYHVVHOFRPSRVWLQJ
V\VWHPVILJILJ0RVWFRPSRVWLQJRSHUDWLRQVFRQVLVWRIWKHIROORZLQJEDVLFVWHSV
 3UHSURFHVVLQJWKHPL[LQJRIGHZDWHUHGVOXGJHZLWKDQDPHQGPHQWDQGRUEXONLQJDJHQW
 +LJKUDWHGHFRPSRVLWLRQDHUDWLQJWKHFRPSRVWSLOHHLWKHUE\WKHDGGLWLRQRIDLUE\PHFKDQLFDOWXUQLQJ
RUE\ERWK
 5HFRYHU\ RI WKH EXONLQJ DJHQW DW WKH HQG RI HLWKHU WKH KLJKUDWH GHFRPSRVLWLRQ RU FXULQJ SKDVH LI
SUDFWLFDEOH
 )XUWKHUFXULQJDQGVWRUDJHZKLFKDOORZVIXUWKHUVWDELOL]DWLRQDQGFRROLQJRIWKHFRPSRVW
 3RVWSURFHVVLQJVFUHHQLQJIRUWKHUHPRYDORIQRQELRGHJUDGDEOHPDWHULDOVXFKDVPHWDOVDQGSODVWLFVRU
JULQGLQJIRUVL]HUHGXFWLRQ
 )LQDOGLVSRVLWLRQ$SRUWLRQRI ILQDOSURGXFW LV VRPHWLPH UHF\FOHG WR WKHSUHSURFHVVLQJVWHS WRDLG LQ
FRQGLWLRQLQJWKHFRPSRVWPL[WXUH
2.1.1. Aerated static pile 
7KHDHUDWHGVWDWLFSLOHV\VWHPFRQVLVWVRIDJULGRIDHUDWLRQRUH[KDXVWSLSLQJRYHUZKLFKDPL[WXUHRIGHZDWHUHG
VOXGJHDQGEXONLQJDJHQWLVSODFHG%XONLQJDJHQWVFRQVLVWRIZRRGFKLSVVDZGXVWFKLSSHGEUXVKOHDYHVDQG\DUG
ZDVWHVKUHGGHGWLUHVJURXQGZDVWHOXPEHUDQGRWKHURUJDQLFZDVWHZKLFKDUHPL[HGZLWKDGHZDWHUHGVOXGJHE\D
SXJPLOO W\SH RU URWDWLQJGUXPPL[HU RU E\PRYDEOH HTXLSPHQW VXFK DV D IURQW HQG ORDGHU0DWHULDO LV LQWHQVLYH
FRPSRVWHGIRUGD\VLQDILUVWVWDJHIROORZHGE\DSHULRGRIGD\VRIPDWXUDWLRQDQGLVW\SLFDOO\IROORZHGE\
DFXULQJSHULRGRIGD\VRUORQJHU7\SLFDOSLOHKHLJKWVDUHDERXWP$OD\HURIVFUHHQHGFRPSRVWLVRIWHQ
SODFHGRQWKHWRSRISLOHIRULQVXODWLRQ)RULQVWDQFHPRVWHIIHFWLYHFRPSRVWLQJV\VWHPFRXOGEHHTXLSSHGZLWKDQ
R[\JHQ FRQWUROOHU SRVLWLYHO\ DHUDWHG V\VWHP DQG DOVR WHPSHUDWXUH PRQLWRULQJ ILJ  :LQGRZ V\VWHP LV D
FRQVWUXFWLYHYHUVLRQRIDHUDWLRQVWDWLFSLOHVROXWLRQ7KHZLQGRZVDUHFRQVWUXFWHGIURPPKLJKDQGPDW
WKH EDVH 7KH UDZ DUH WXUQHG DQG PL[HG SHULRGLFDOO\ GXULQJ WKH FRPSRVWLQJ SHULRG IRU PHFKDQLFDO DHUDWLRQ RI
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ELRVROLGVIRUDWOHDVWILYHWLPHVZKLOHWKHWHPSHUDWXUHLVPDLQWDLQHGDWRUDERYH&&RPSRVWLQJSHULRGLVDERXW
GD\VEXWDHURELFFRQGLWLRQVDUHGLIILFXOW WRPDLQWDLQWKURXJKRXWWKHFURVVVHFWLRQDODUHDRIWKHZLQGRZDQG
DQDHURELFFRQGLWLRQVRFFXUUHGLVRIWHQDFFRPSDQLHGE\WKHUHOHDVHRIRIIHQVLYHRGRUV6RPHZLQGRZDUHFRYHUHGRU
HQFORVHGVLPLODUWRDHUDWHGVWDWLFSLOHV


)LJ&RYHUFRPSRVWLQJV\VWHP
&RQWUROXQLW3&7DUSDXOLQUHWDLQHU7HPSHUDWXUHSURILOHSUREH2[LJHQWHPSHUDWXUHSUREH
ZLQGLQJJHDUYHQWLODWLRQVWDWLRQ&RYHU0HPEUDQH'UDLQDJHV\VWHP,QIORRUDHUDWLRQFKDQQHOV
'LVSRVDEOH FRUUXJDWHG SODVWLF GUDLQDJH SLSH LV FRPPRQO\ XVHG IRU DLU VXSSO\ DQG HDFK LQGLYLGXDO SLOH LV
UHFRPPHQGHGWRKDYHDQLQGLYLGXDOEORZHUIRUPRUHHIIHFWLYHDHUDWLRQFRQWURO6FUHHQLQJRIWKHFXUHGFRPSRVWLV
XVXDOO\GRQHWRUHGXFHWKHTXDQWLW\RIWKHHQGSURGXFWUHTXLUHGXOWLPDWHGLVSRVDODQGWRUHFRYHUWKHEXONLQJDJHQW
7KLVFUHDWHV LGHDOFRPSRVWLQJFRQGLWLRQVZLWKLQWKHKHDSZKLOHHIILFLHQWO\ WUDSSLQJRGRXUVDQGRWKHUHPLVVLRQV
VXFKXVGXVWDQG92&V
8VLQJ D FDSSLQJ PHPEUDQH VXFK DV *RUH &RYHU LPSURYH VLJQLILFDQWO\ WKH IHUPHQWDWLRQ SURFHVV DQG WKH
WUHDWPHQWRIELRVROLGV7KLVLPSURYHPHQWPDLQO\FRQVLVWRIWUHDWPHQWWLPHUHGXFLQJFXULQJVWDJHFRXOGEHUHGXFHG
IURP  WR  GD\V UHGXFWLRQ RI XS WR  LQ RGRXU FRQFHQWUDWLRQ WHPSHUDWXUH DQG KXPLGLW\ FRQWURO VDIHO\
GHVWUR\ WKHSDWKRJHQLFPLFUREHV DQ HIIHFWLYHEDUULHU DJDLQVW VSRUHV DQGPLFUREHV FDPH IURPRXWVLGH WKH V\VWHP
UHGXFLQJ DQG FRQWUROOLQJ RI JUHHQKRXVH JDVVHV HPLVVLRQ D ILQDO KLJK TXDOLW\ FRPSRVW SURSHU WR EH XVHG IRU
DJULFXOWXUHDQGIRUHVWU\SXUSRVHVHWFILJ


)LJ7KHODPLQDWHWHFKQRORJ\&RYHUPHPEUDQH
&DSSLQJ PHWKRG IRU DHUDWHG VWDWLF SLOH FRPSRVWLQJ WHFKQLTXH SURYLGHV DOO DGYDQWDJHV EULQJV E\ LQYHVVHO
FRPSRVWLQJV\VWHPVEXWDWPRUHDIIRUGDEOHFRVWV
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2.1.2. In- vessel composting system 
7KLV V\VWHP LV DFFRPSOLVKHG LQVLGH DQ HQFORVHG FRQWDLQHU RU YHVVHO 0HFKDQLFDO V\VWHPV DUH GHVLJQHG WR
PLQLPL]H WKH RGRU DQG SURFHVV WLPH E\ FRQWUROOLQJ HQYLURQPHQWDO FRQGLWLRQV VXFK DV DLUIORZ WHPSHUDWXUH DQG
R[\JHQFRQFHQWUDWLRQ7KHDGYDQWDJHVRILQYHVVHOFRPSRVWLQJV\VWHPDUHEHWWHUSURFHVVDQGRGRXUFRQWUROIDVWHU
WKURXJKSXWORZHUODERXUFRVWVDQGVPDOOHUDUHDUHTXLUHPHQWV,QYHVVHOFRPSRVWLQJV\VWHPFDQEHGLYLGHGLQWRWZR
PDMRUFDWHJRULHVSOXJIORZDQGG\QDPLFDJLWDWHGEHG


)LJ'\QDPLFPL[HGLQYHVVHOFRPSRVWLQJV\VWHPXQLWYHUWLFDOUHDFWRU
,Q SOXJ IORZ V\VWHP WKH UHODWLRQVKLS EHWZHHQ SDUWLFOHV LQ WKH FRPSRVWLQJPDVV VWD\V WKH VDPH WKURXJKRXW WKH
SURFHVVDQG WKH V\VWHPRSHUDWHRQ WKHEDVLVRI ILUVW LQ± ILUVWRXWSULQFLSOH ,QDG\QDPLFV\VWHP WKHFRPSRVWLQJ
PDWHULDOLVPL[HGGXULQJWKHSURFHVVLQJ,QYHVVHOV\VWHPFDQEHIXUWKHUFDWHJRULVHGEDVHGRQWKHJHRPHWULFVKDSHRI
YHVVHORUFRQWDLQHUXVHGILJDQGILJ


)LJ'\QDPLFPL[HGLQYHVVHOFRPSRVWLQJV\VWHPXQLWKRUL]RQWDOUHDFWRU
2.2. Anaerobic digestion 
7KH DQDHURELF GLJHVWLRQSURFHVV LV DQ DGYDQFHG WHFKQRORJ\ IRU DQ HQYLURQPHQWDOO\ IULHQGO\ DQG FRVWHIIHFWLYH
WUHDWPHQWRIRUJDQLFZDVWH7KHSURFHVVFRXOGEHRQHVWHSWZR±VWHSVVHSDUDWHVOXGJHGLJHVWLRQ
7KH DQDHURELF GLJHVWLRQ SURFHVV FRQVLVWV RI D WKHUPRSKLOLF RQH RU WZRSKDVHV DQDHURELF IHUPHQWDWLRQ VWHSV
ZKLFKLVIROORZHGE\DVKRUWDHURELFPDWXUDWLRQSKDVH'XULQJWKHDQDHURELFGLJHVWLRQSKDVHWKHRUJDQLFPDWHULDOLV
FRQYHUWHGLQWRELRJDV+HDWLQJDX[LOLDU\PL[LQJXQLIRUPIHHGLQJDQGWKLFNQLQJRIWKHIHHGVWUHDPFKDUDFWHUL]HWKH
VLQJOHRQHVWDJHKLJKUDWHGLJHVWLRQSURFHVV7KHVOXGJHLVPL[HGE\JDVUHFLUFXODWLRQSXPSLQJRUGUDIWWXEHPL[HUV
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VHSDUDWLRQ RI VFUXP DQG VXSHUQDWDQW GRHV QRW WDNLQJ SODFH DQG VOXGJH LV KHDWLQJ WR DFKLHYH XQLIRUP RSWLPXO
GLJHVWLRQUDWH
7KHSURFHVV WDNHV SODFH LQ DQ HQFORVHG GLJHVWHU7KH WRWDO VROLGV FRQWHQW LQ WKH GLJHVWHU GHSHQGV RQ WKH LQSXW
PDWHULDO7KHIOH[LELOLW\RIWKHDQDHURELFGLJHVWLRQWHFKQRORJ\DOORZVWKHWUHDWPHQWRIDZLGHUDQJHRIGLIIHUHQWLQSXW
PDWHULDOV7KHGLJHVWHG UHVLGXH LV H[WUDFWHG IURP WKHGLJHVWHU GHZDWHUHG DQG WKHQ VWDELOLVHG DHURELFDOO\ GXULQJ D
SHULRGRIDSSUR[LPDWHO\  WZRZHHNV7KHDHURELFPDWXUDWLRQHQVXUHVFRPSOHWH VWDELOLVDWLRQRI WKHPDWHULDOZKLFK
FDQQRWGHJUDGHDQ\IXUWKHUXQGHUDQDHURELFFRQGLWLRQV7KHILQDOSURGXFWLVDYHU\K\JLHQLFDOO\VDIHDQGVWDELOLVHG
VRLODPHQGPHQWILJ


)LJ$QDHURELF'LJHVWLRQ7HFKQRORJ\3URFHVV
7KHDQDHURELFGLJHVWLRQWHFKQRORJ\FDQEHXVHGIRUYDULRXVW\SHVRIRUJDQLFZDVWHVWUHDPV
x ELRZDVWHDQGRWKHUVRXUFHVHSDUDWHGRUJDQLFZDVWHVWUHDPV
x WKHRUJDQLFIUDFWLRQRIPL[HGZDVWHREWDLQHGWKURXJKPHFKDQLFDOVHSDUDWLRQ
x GHZDWHUHGVHZDJHVOXGJH
x RWKHURUJDQLFZDVWHVWUHDPVLQFOXGLQJQRQUHF\FODEOHSDSHUPDUNHWZDVWHLQGXVWULDOZDVWHHWF
7KHDQDHURELFGLJHVWLRQRQHVWHSSURFHVVSDUDPHWHUV
x 'LJHVWHUORDGLQJWRNJ&2'PñUHDFWRUGD\
x 7HPSHUDWXUHUDQJHWR&
x 5HWHQWLRQWLPHLQWKHGLJHVWHUWRGD\V
x %LRJDVSURGXFWLRQWRPñRIELRJDVSHUWRQHRIZDVWH
x (OHFWULFLW\SURGXFWLRQWRN:KSHUWRQHRIZDVWH
x &2UHGXFWLRQWRNJ&2SHUWRQHRIZDVWHPDWHULDO
7ZR VWDJH GLJHVWLRQ ZKLFK ZDV IUHFYHQWO\ XVHG LQ WKH SDVW LV XVHG LQ PRGHUQ GLJHVWHU GHVLJQ,Q WZR VWDJH
GLJHVWLRQDKLJKUDWHLVFRXSOHGLQVHULHVZLWKDVHFRQGWDQN7KHILUVWWDQNLVXVHGIRUGLJHVWLRQDQGLVKHDWHGDQG
HTXLSHGZLWKPL[LQJIDFLOLWLHV7KHVHFRQGWDQNLVXVXDOO\XQKHDWHGDQGXVHGSULQFLSDOO\IRUVWRUDJHILJ
0RVWZDVWHZDWHUWUHDWPHQWSODQWHPSOR\LQJDQDHURELFGLJHVWLRQXVHFRPPRQWDQNVIRUGLJHVWLRQRIDPL[WXUHRI
SULPDU\ DQGELRORJLFDO VOXGJH7KH VROLG OLTXLG VHSDUDWLRQRIGLJHVWHGSULPDU\ VOXGJH KRZHYHU LVGRZQJUDGHGE\
HYHQVPDOODGLWLRQRIELRORJLFDOVOXGJHSDUWLFXODU\DFWLYDWHGVOXGJH
7KHELRJDVFRQVLVWVRIDERXWPHWKDQHFDUERQGLR[LGHDQGRWKHUJDVHVVXFKDVK\GURJHQDQGK\GURJHQ
VXOSKLGH
0RVWZDVWHZDWHUWUHDWPHQWSODQWHPSOR\LQJDQDHURELFGLJHVWLRQXVHFRPPRQWDQNVIRUGLJHVWLRQRIDPL[WXUHRI
SULPDU\ DQGELRORJLFDO VOXGJH7KH VROLG OLTXLG VHSDUDWLRQRIGLJHVWHGSULPDU\ VOXGJH KRZHYHU LVGRZQJUDGHGE\
HYHQVPDOODGLWLRQRIELRORJLFDOVOXGJHSDUWLFXODU\DFWLYDWHGVOXGJH
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
)LJ6FKHPDWLF3UHVHQWDWLRQRID7ZR6WDJH$QDHURELF7UHDWPHQW3URFHVV
7KHELRJDVFRQVLVWVRIDERXWPHWKDQHFDUERQGLR[LGHDQGRWKHUJDVHVVXFKDVK\GURJHQDQGK\GURJHQ
VXOSKLGH7KHSURFHVV LV FDUULHGRXW LQ DQDLUWLJKW VWLUUHG WDQN UHDFWRU WKHPLFURRUJDQLVPV UHWDLQHG LQ WKH WDQNDV
ELRPDVVVOXGJHILJ

)LJ$QDHURELF&RQWDFW3URFHVV
2.3. Thermal sludge reduction 
7KHUPDOVOXGJHUHGXFWLRQWHFKQRQRORJ\FRQVLVWRIWZRNLQGVRIDSSOLFDWLRQ
x KHDWGU\LQJUHGXFLQJWKHZDWHUFRQWHQWE\YDSRULVDWLRQRIZDWHU
x R[LGDWLRQRIWKHGULHGVOXGJHPLQHUDOLVLQJWKHRUJDQLFFRQWHQW
'U\LQJIDFLOLWLHVQRUPDOO\XVHGDUH
x URWDU\GU\HUV
x VSUD\GU\HUV
x IODVKGU\HUV
x HYDSRUDWRUV
x PXOWLSOHKHDUWKGULHUV
7KHVXEVHTXHQWR[LGDWLRQRIGULHGVOXGJHFRQYHUWVWKHRUJDQLFVROLGFRQWHQWLQWRR[LGLVHGHQGSURGXFWVSULPDULO\
FDUERQ GLR[LGH DQG ZDWHU GLVFKDUJHG DV JDV DQG OHDYLQJ D UHGXFHG YROXPH RI PRVWO\ LQRUJDQLF VROLG 6OXGJHV
SURFHVVHG E\ WKHUPDO UHGXFWLRQ DUH XVXDOO\ GHZDWHUHG DQGXQWUHDWHG LH XQVWDELOLVHG VOXGJHV 6WDELOLVDWLRQ
SURFHVVHV HJ DQDHURELF GLJHVWLRQ GHFUHDVH WKH YRODWLOH FRQWHQW RI WKH VOXGJH DQG FRQVHTXHQWO\ LQFUHDVH WKH
UHTXLUHPHQW IRU DQ DX[LOLDU\ IXHO $Q H[FHSWLRQ LV KHDW VWDELOLVDWLRQ DKHDG RI LQFLQHUDWLRQ +HDW WUHDWHG VOXGJHV
GHZDWHUYHU\ZHOOWKHVOXGJHEHFRPLQJDXWRFRPEXVWLEOH
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7KHWHFKQLTXHVFRPPRQO\XVHGIRUWKHUPDOVOXGJHR[LGDWLRQRULQFLQHUDWLRQDUH
x IOXLGL]HGEHG LQFLQHUDWLRQ XVHG IRU VOXGJH LQFLQHUDWLRQ FRQVLVWLQJ RI D F\OLQGULFDOO\ VKDSHG VWHHO VKHOO
FRQWDLQLQJ D VDQGEHG DQG IOXLGL]LQJ DLU RULILFHV WKH EHG IOXLGL]HGE\ DLU DW D SUHVVXUH RI ±N3D WKH
WHPSHUDWXUHRIWKHVDQGEHGFRQWUROOHGEHWZHHQDQG&LIWKHSURFHVVLVRSHUDWHGFRQWLQXRXVO\RU
ZLWKVKXWGRZQVRIVKRUWGXUDWLRQWKHUHLVQRQHHGIRUDX[LOLDU\IXHODIWHUVWDUWXSILJ
 
)LJ)OXLGLVHG%HG,QFLQHUDWRU)LJ'HHS6KDIW2[LGDWLRQ5HDFWRU
x ZHWDLUR[LGDWLRQWKHV\VWHPXVHGIRUXQWUHDWHGVOXGJHWHPSHUDWXUHUDQJH±&DQGSUHVVXUHVXSWR
03DJDVHVOLTXLGDQGDVKOHDYLQJWKHUHDFWRUWKHJDVHVFDQEHH[SDQGHGWRUHFRYHUSRZHU
x GHHSVKDIWR[LGDWLRQLHGLVFKDUJLQJOLTXLGVOXGJHLQWKHSUHVVXUHDQGWHPSHUDWXUHFRQWUROOHGHQYLURQPHQW
RI D WXEHDQGVKHOO UHDFWRU VXVSHQGHG ZLWKLQ D GHHS ZHOO R[\JHQ RU DLU LQMHFWHG LQWR WKH ZDVWH VOXGJH
VWUHDPWHPSHUDWXUHRIDERXW&SUHVVXUHUDQJHDWERWWRPEHWZHHQ±03DK\GURVWDWLFSUHVVXUH
LWLVDVSHFLDODSSOLFDWLRQRIZHWDLUR[LGDWLRQILJ
x LQFLQHUDWLRQZLWKRWKHUZDVWHUHGXFLQJWKHFRVWVE\XVLQJWKHVDPHIDFLOLW\DQGWDNLQJDGYDQWDJHRIWKHKHDW
SURGXFHGE\ZDVWHLQFLQHUDWLRQIRUWKHHYDSRUDWLRQRIWKHVOXGJHZDWHUFRQWHQW
$OOWHFKQLTXHVQHHGIXUWKHUWUHDWPHQWRIWKHUHOHDVHGJDVHVDQGOLTXLGV
7KHJDVHRXV HPLVVLRQV IURP WKH IOXLGL]HGEHG LQFLQHUDWRUV FRQVLVW RI SDUWLFXODWHV DVKHVQLWURJHQR[LGHV DFLG
JDVHV K\GURFDUERQV KHDY\PHWDOV GHSHQGLQJ RQ WKH VOXGJH FRQWHQW DQG WKH DX[LOLDU\ IXHO:HW VFUXEELQJ WHFK
QLTXHVDUHXVHGWRDEDWHWKHDLUFRQWDPLQDQWV7KHDTXHRXVUHOHDVHVIURPZHWVFUXEELQJFRQWDLQWKHVXVSHQGHGVROLGV
DQGGLVVROYHGZDVWHJDVHV WKDW QHHG WRXQGHUJRZDVWHZDWHU WUHDWPHQW7KH HPLVVLRQV WR DLU DQG WKHZDVWHZDWHU
UHOHDVHVQHHGWRIROORZWKHUHTXLUHPHQWVRIWKH:DVWH,QFLQHUDWLRQ'LUHFWLYH(&$QQH[HV,,,9DQG9
:LWKWKHIOXLGL]HGEHGLQFLQHUDWRUQRGU\DVKH[LVWVDWWKHERWWRPRIWKHUHDFWRULWLVHQWUDLQHGLQWKHFRPEXVWLRQ
JDVHV
:LWK WKH ZHW DLU R[LGDWLRQ SURFHVV JDVHV OLTXLG DQG DVK OHDYH WKH UHDFWRU 7KH OLTXLG DQG DVK DUH UHWXUQHG
WKURXJKKHDWH[FKDQJHUVWRSUHKHDWWKHLQFRPLQJVOXGJHWKHJDVHVDUHVHSDUDWHGIURPSDUWLFXODWHVDQGOLTXLGGURSV
LQDF\FORQHDQGWKHQUHOHDVHG,QODUJHLQVWDOODWLRQVLWFDQEHHFRQRPLFDOWRH[SDQGWKHJDVHVWKURXJKDWXUELQHWR
UHFRYHUSRZHU7KHOLTXLGSKDVHLVVHSDUDWHGIURPWKHVROLGFRQWHQWDQGUHWXUQHGWRWKHVHWWOLQJWDQNRUFODULILHU7KH
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UHF\FOHG OLTXLG UHSUHVHQWV D FRQVLGHUDEOH RUJDQLF ORDG 7\SLFDOO\ UDQJHV IRU &2' DUH ± JO 7KH GHHSVKDIW
R[LGDWLRQ SURFHVV UHTXLUHV VXEVHTXHQW JDVOLTXLG DQG VROLGVOLTXLG VHSDUDWLRQ DV ZHOO DV SRVWWUHDWPHQW RI WKH
VXSHUQDWDQW 7KHVH WUHDWPHQWV UHGXFH WKH &2' FRQWHQW RI WKH VOXGJH ! 7KH HQHUJ\ UHTXLUHPHQW RI WKHUPDO
VOXGJHUHGXFWLRQWHFKQLTXHVGHSHQGVJUHDWO\RQWKHKHDWYDOXHRIWKHVOXGJHLHWKHZDWHUFRQWHQWDQGWKHKHDWYDOXH
RIWKHGU\VROLG
5HVXOWVDQGGLVFXVVLRQV
&RPSRVWLQJWHFKQRORJ\HVSHFLDOO\XVLQJFDSSLQJPHPEUDQHV\VWHPVLVWKHPRVWHFRQRPLFDQGEHVWSHUIRUPLQJ
VROXWLRQIRUWKHWUHDWPHQWRIRUJDQLFZDVWHSURYLGLQJKLJKHVWRGRXUDQGHPLVVLRQFRQWURO
7KLV LVDPRGHUQWHFKQRORJ\ LQGLIIHUHQWFRQVWUXFWLYHYHUVLRQDSSURYHGDQGDSSOLHGZRUOGZLGHRYHUPLOOLRQ
WRQVSHU\HDUQRWRQO\IRUZDVWHZDWHU WUHDWPHQWVOXGJHEXWDOVRIRUIRRGZDVWH06:DQGRWKHUVRXUFHVHSDUDWHG
RUJDQLFV6RPHFDVHVWXGLHVUHJDUGLQJELRVROLGVVWDELOL]DWLRQE\FRPSRVWLQJZLOOEHVKRZHGIRUZDUGV
3.1. Case Study 1: Waste water treatment plant- Kirchbichl, Austria (fig. 11, fig. 12) 
'HVLJQ&RQVLGHUDWLRQVWDEOH
x 2SHQZLQGRZFRPSRVWLQJFUHDWHGHPLVVLRQRGRXUSUREOHP
x ,QFUHDVHGWUHDWPHQWFDSDFLW\IURPWRQVSHU\HDUWRWRQVSHU\HDU
x 0HPEUDQHFDSSLQJIRU3KDVHDFWLYHLQWHQVLYHDQG3KDVHPDWXUDWLRQFXULQJFRPSRVWLQJ
x 'HFUHDVHGWUHDWPHQWIRRWSULQWIURPPWRP
x (PLVVLRQFRQWURODQGORZWHPSHUDWXUHGXULQJZLQWHUZHUHVSHFLDOUHTXLUHPHQWV 
7DEOH'HVLJQ&RQVLGHUDWLRQV
W\ 
6WDUWXS 
,QSXWPDWHULDO ELRVROLGV
1XPEHURIKHDSV ZLWKVLGHZDOOV
7UHDWPHQWWLPHGHVLJQ XQGHUPHPEUDQHFRYHUIXUWKHUPDWXUDWLRQXQGHUURRI
2XWSXWTXDOLW\ 0HHWLQJ$XVWULDQ4XDOLW\&RPSRVW5HTXLUHPHQWV
8VHRIHQGSURGXFW )DUPLQJSULYDWHKRXVHKROGV
5HJXODWRU\UHTXLUHPHQWV 4XDOLW\FRPSRVWFHUWLILFDWHLVVXHGE\WKH6WDWHRI$XVWULD


)LJ:DVWH:DWHU7UHDWPHQW3ODQW.LUFKELFKO$XVWULD±2YHUYLHZ
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
)LJ:DVWH:DWHU7UHDWPHQW3ODQW.LUFKELFKO$XVWULD±KHDSVYLHZZLWKVLGHZDOOVDQGURRI
3.2. Case study 2: Greater Moncton sewerage commission – Canada (fig.13) 
'HVLJQ&RQVLGHUDWLRQVWDEOH
x &DSDEOHKDQGOLQJH[WUHPHFROGFOLPDWHZLQWHUFRQGLWLRQV
x 8QLTXH JO\FRO KHDW FROOHFWLRQ V\VWHP WR H[WUDFW KHDW JHQHUDWHG E\ WKH FRPSRVWLQJ ZKLFK FDQ EH UH
SXUSRVHG GXULQJ FROG ZLQWHU FRQGLWLRQV RU EHLQJ XVHG DV D KHDW VRXUFH IRU DGMDFHQW IDFLOLW\ KHDW
EXLOGLQJVRUJUHHQKRXVHV
x 2ZQHUKDYHVHDUFKLQJIRUDORZFRVWVROXWLRQWRSURGXFHKLJKTXDOLW\FODVV$ELRVROLGVFRPSRVW
x YLHZIRUUHVSRQVLEOHUHXVHRIZDVWHZDWHUVOXGJH
7DEOH'HVLJQ&RQVLGHUDWLRQV
W\ 
6WDUWXS 
,QSXWPDWHULDO %LRVROLGVJUHHQZDVWH
1XPEHURIKHDSV 
7UHDWPHQWWLPHGHVLJQ ZHHNV
2XWSXWTXDOLW\ *DUGQHU¶V*ROG7\SH³$´&RPSRVW6RLO&RQGLWLRQHUDQG&RPSRVW0XOFK
8VHRIHQGSURGXFW 8QUHVWULFWHGXVH
5HJXODWRU\UHTXLUHPHQWV &$1%1%

)LJ2YHUYLHZRI0RQFWLRQ6HZHUDJH&RPLVVLRQ
427 Valentin Feodorov /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  417 – 430 
3.3. Case study 3: Los Angeles country sanitation districts (fig. 14). 
'HVLJQ&RQVLGHUDWLRQVWDEOH
x &KDQJLQJQHJDWLYHDHUDWHGVWDWLFSLOHGHVLJQ
x &RPSOLDQFH ZLWK WKH VWDWH DQG ORFDO UHJXODWRU\ UHTXLUHPHQWV SKDWRJHQ UHGXFWLRQ 92& HPLVVLRQ
FRQWURO
x &RVWVDYLQJEHQHILWVGHVLJQRSHUDWLRQ
x 3KDVHG LQ FRQVWUXFWLRQ SRVVLEOH GXH WR WKH PRGXODU GHVLJQ VWHSV HDFK  WRQV SHU \HDU  
KHDSV
x )OH[LELOLW\WRH[SDQG


)LJ2YHUYLHZRI/RV$QJHOHV&RXQWU\6DQLWDWLRQ'LVWULFWVXQGHUFRQVWUXFWLRQ
7DEOH'HVLJQ&RQVLGHUDWLRQV
W\ 
6WDUWXS 
,QSXWPDWHULDO %LRVROLGVJUHHQZDVWH
1XPEHURIKHDSV VWVWHS
7UHDWPHQWWLPHGHVLJQ ZHHNV
2XWSXWTXDOLW\ &ODVV$ELRVROLGVFRPSRVW
8VHRIHQGSURGXFW 8QUHVWULFWHGXVH
5HJXODWRU\UHTXLUHPHQWV (3$&$7LWOVDQG6-9$3&'5XOH

$QDHURELFGLJHVWLRQLVDPRQJWKHROGHVWSURFHVVHVXVHGIRUVWDELOL]DWLRQRIVROLGVDQGELRVROLGV
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3.4. Case Study: Anaerobic digestion plant Hille, Germany (fig. 15). 

)LJ2YHUYLHZSODQWIRUWKHDQDHURELFGLJHVWLRQ+LOOH*HUPDQ\
7DEOH'HVLJQFRQVLGHUDWLRQV
/2&$7,21 +LOOH*HUPDQ\
352-(&7 SODQWIRUWKHDQDHURELFGLJHVWLRQDQGELRJDVSURGXFWLRQ
,QSXWPDWHULDO 5HVLGXDOZDVWHDQGGHZDWHUHGVOXGJH
'LJHVWLRQFDSDFLW\ WRQ\HDU
6WDUWXS -DQXDU\
'LJHVWHUYROXPH Pñ
3ODQWFDSDFLW\ WRQ\HDU
%LRJDVSURGXFWLRQ 1PñELRJDVSHU\HDURU1PñELRJDVSHUKRXU
0HWKDQHFRQWHQWLQELRJDV DERXW
+HDWLQJYDOXH DERXWN:K1Pñ
&RQFOXVLRQV
&RPSRVWLQJ DQDHURELF GLJHVWLRQ DQG LQFLQHUDWLRQ DUH WKUHH WHFKQRORJLHV XVHG IRU ZDVWHZDWHU VOXGJH
VWDELOL]DWLRQ
&RPSRVWLQJWHFKQRORJ\LVDSSOLHGRQO\RQGHZDWHUHGRUWKLFNQLQJZDVWHZDWHUVOXGJHV&RPSRVWLQJWHFKQRORJ\
XWLOL]DWLRQDERYHGHVFULEHGFRQVWUXFWLYHVROXWLRQVSURYLGHVWKHIROORZLQJFHUWDLQDGYDQWDJHV
6XVWDLQDEOHVROXWLRQDQGFRVWHIIHFWLYH
7KHRXWSXW LV DKLJKTXDOLW\FRPSRVW UHDG\ WREHXVHG IRU IRUHVWU\DQGDJULFXOWXUH ILHOGRU DV DPHQGPHQW
PDWHULDOIRUVRLOFRQGLWLRQLQJJDUGHQVDQGODQGVFDSHV
 &RPSRVW FRQWDLQV SODQW DYDLODEOH QXWULHQWV VXFK DV QLWURJHQ SKRVSKRUXV SRWDVVLXP LURQ FDOFLXP
PDJQHVLXPDQG]LQF
(IIHFWLYH2GRU&RQWUROIRU*RRG$LU4XDOLW\
2GRUUHGXFWLRQXSWR92&(PLVVLRQ&RQWURO
'XVWDQG%LRDHURVRO&RQWURO
%DFWHULDUHWHQWLRQ!HJ$VSHUJLOOXVIXPLJDWXV
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'XVWDQG3DUWLFXODWH0DWWHU305HWHQWLRQ!
3DWKRJHQ5HGXFWLRQDQG+\JLHQL]DWLRQ
*UHHQKRXVH*DV&RQWURO
/RZHVWSRVVLEOHHPLVVLRQUDWH&2HTXLYDOHQWFRPSDUHGWRDOORWKHUWHFKQRORJLHV
5HGXFHGHPLVVLRQVFRPSDUHGWRDOORWKHUWUHDWPHQWPHWKRGVIURPDQLQGXVWU\DYHUDJHRINJWRNJSHU
WRQ
0RVW)OH[LEOH'HVLJQ
2QHPRGXODUWHFKQRORJ\FRQFHSWIRUGLIIHUHQWWUHDWPHQWVWHSVRSHUDWHPDLQWDLQH[SDQGFXVWRPL]H
'HVLJQUHIHUHQFHVIURPWRWS\
%DODQFHG&RVW3HUIRUPDQFH5DWLR
/RZHVWWRWDOFRVWRIRZQHUVKLS
7UHDWPHQW FRVWV SHU WRQ DUH ORZHU FRPSDUHG WR RWKHU V\VWHPV DQG WUHDWPHQWPHWKRGV )ORUHQFH.-6WXG\

(QHUJ\FRQVXPSWLRQGXULQJFRPSRVWLQJSKDVHN:KWLQSXWPDWHULDO
5XOHRIWKXPERQHRSHUDWRUSHUWS\RIDGGLWLRQDODQQXDOFDSDFLW\
0RVW9DULHG&OLPDWHV
)XQFWLRQDOLQYDULHGFOLPDWHFRQGLWLRQV
9DULHG,QSXWV
7UHDWHGZDVWHZDWHUVOXGJHELRVROLGVSXOSDQGSDSHUPDQXUHVDQGEHGGLQJDQLPDODQGFKLFNHQZDVWHILVK
ZDVWHWF

7KHDQDHURELFGLJHVWLRQSURFHVVEULQJVDGYDQWDJHVVXFKDV
6WDELOL]DWLRQPHWKRGHDVZHOODVELRJDVSURGXFWLRQ
 7KH ELRJDV SURGXFHG FDQ EH XVHG DIWHU WUHDWPHQW HJ ZLWK GU\ RU ZHW VFUXEEHUV DV IXHO IRU FRPEXVWLRQ
SURFHVVHVFRQQHFWHGRUDQ\ELRVROLGVZLWK92&!
(IIHFWLYHPHWKRGHIRUVWDELOL]DWLRQRIELRVROLGVZLWKRXWXVHRIDGGLWLRQDOFKHPLFDOVRQHVWHSSURFHVV
%HFDXVHRIORQJUHVLGHQFHWLPHLVREWDLQHGDQHIILFLHQWPLQHUDOLVDWLRQRIWKHVOXGJH
'XULQJWKHDQDHURELFGLJHVWLRQSURFHVVRFFXUVDW WKHUPRSKLOLFRSHUDWLQJFRQGLWLRQV&OHDGVWRDNLOO
RIIRIWKHSDWKRJHQVDQGZHHGVHHGVLQWKHPDWHULDO
,IQHHGHGRQO\PHVRSKLOLFFRQGLWLRQVFDQDOVREHDSSOLHG
7KHDQDHURELFGLJHVWLRQDOORZVELJIOXFWXDWLRQVLQWKHGU\PDWWHUFRQWHQWRIWKHLQSXWPDWHULDORQO\IRURQHVWHS
SURFHVV

,QFLQHUDWLRQ LV D WHFKQRORJ\ DSSOLHG HVSHFLDOO\ IRU KD]DUGRXV ZDVWHV &RXOG EH DOVR DSSOLHG IRU ELRVROLGV
WUHDWPHQW HVSHFLDOO\ VOXGJH IURP LQGXVWULDO  FRQWDPLQDWHGZDWHU WUHDWPHQWZKHQ WKHZDVWHKDVQRDSSOLFDWLRQ LQ
DJULFXOWXUHILHOG1HYHUWKHOHVVLWLVDQH[SHQVLYHPHWKRGHEXWZLWKLPSRUWDQWDGYDQWDJHV
0D[LPXPYROXPHUHGXFWLRQWKHUHE\OHVVHQLQJGLVSRVDOUHTXLUHPHQWV
7LPHHIIHFWLYHLVWKHVKRUWHVWWHFKQLTXHIRUVROLGVGLVSRVDO
(IILFLHQWGHVWUXFWLRQRIRUJDQLFFRQWHQWLQVOXGJH
3RWHQWLDOHQHUJ\UHFRYHUV
3UHSHUO\DSSOLHGIRUODUJHTXDQWLW\RIZDVWHUHGXFWLRQSURFHVV
,QFLQHUDWLRQZLWKRWKHUZDVWH
 7KH KHDW IRU ZDWHU HYDSRUDWLRQ DQG VOXGJH LQFLQHUDWLRQ LV GHOLYHUHG E\ WKH LQFLQHUDWLRQ RI VROLG ZDVWH QR
DX[LOLDU\IXHOUHTXLUHG
:HWDLUR[LGDWLRQ
3URFHVVFDQEHGHVLJQHGWREHWKHUPDOO\VHOIVXIILFLHQWUHFRYHULQJRISRZHULVVRPHWLPHVDYDLODEOH
'HHSVKDIWUHDFWRU
6PDOOVSDFHUHTXLUHPHQWV
+LJKUHPRYDOHIILFLHQF\RIVXVSHQGHGVROLGVDQGRUJDQLFPDWWHU
3URFHVVFRPSOHWHO\H[RWKHUPDO
/LWWOHRGRXURUREMHFWLRQDEOHDLUHPLVVLRQV
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5HIHUHQFHV
7FKREDQRJORXV*%XUWRQ)/6WHQVHO+':DVWHZDWHU(QJLQHHULQJ7UHDWPHQW DQG5HXVH0F*UDZ+LOO)RXUWK(GLWLRQ

'LUHFWLYH(&RQWKHLQFLQHUDWLRQRIZDVWH$UWLFOHVDQGDQG$QQH[,,,&RXQFLO'LUHFWLYH&((RQWKHSURWHFWLRQRIWKH
(QYLURQPHQW
&RXQFLO'LUHFWLYH((&RI'HFHPEHUVWDQGDUGL]LQJDQGUDWLRQDOL]LQJUHSRUWVRQWKHLPSOHPHQWDWLRQRIFHUWDLQ
,33&5HIHUHQFH'RFXPHQWRQ%HVW$YDLODEOH7HFKQLTXHV LQ&RPPRQ:DVWH:DWHUDQG:DVWH*DV7UHDWPHQW 0DQDJHPHQW6\VWHPV LQ WKH
&KHPLFDO6HFWRU
,YDVXF72OLQLF(7KH(IIHFWRI&OD\'HVHQVLWL]DWLRQZLWK*UDQXODU0DWHULDOVRQ6ORSH6WDELOLW\$QDO\VLV$JULFXOWXUHDQG$JULFXOWXUDO
6FLHQFH3URFHGLD
6WUDWHJLDQDWLRQDODGHJHVWLRQDUHDQDPROXULORUGHHSXUDUH3DUWHDD,,,D
1HDWD * 7HRGRUHVFX 5 'LQFD / %DVDUDED $  3K\VLFRFKHPLFDO DQG0LFURELRORJLFDO &RPSRVLWLRQ RI &RPSRVWV IURP%XFKDUHVW
0XQLFLSDO:DVWH$JULFXOWXUHDQG$JULFXOWXUDO6FLHQFH3URFHGLD
1RUPDWLYSULYLQGSURLHFWDUHDH[HFXWLDVLH[SORDWDUHDVLVWHPHORUGHDOLPHQWDUHFXDSDVLFDQDOL]DUHDORFDOLWLORU,QGLFDWLY13
*RUH&RYHUIRU%LRVROLGV&RPSRVWLQJ:/*RUH	$VVRFLDWHG
3DQDLWHVFX&  ,QIOXHQFHRI WKH/HDFKDWH'UDLQDJH6\VWHPVRQ*URXQGZDWHU4XDOLW\ LQ0XQWHQLD5HJLRQ$JULFXOWXUH DQG$JULFXOWXUDO
6FLHQFH3URFHGLD
